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Description 

Background and Summary of the Invention 

This invention relates to medical diagnostic equip- 
ment and methods and is particularly concerned with 
hollow viscus tonometry and remote electronic and opti- 
ca! sensing. 

The prior art (see U.S. Patent No. 4,643,192) has 
recognized that intestinal ischemia, and to a lesser 
degree, stress ulceration, are two problems that plague 
physicians involved in the management of patients in 
intensive care units. Intestinal ischemia, in particular, has 
an insidious onset and may not be detected until days 
after the intestine has become completely and irreversi- 
bly compromised. A delay in the diagnosis of intestinal 
ischemia may have devastating consequences for a 
patient. The availability of means for early diagnosis and 
management of patients with these problems would have 
immediate applicability in all intensive care units, espe- 
cially where the procedure can be conveniently con- 
ducted with reasonable safety and reliability. 

It has been established that a fall in the intramucosal 
pH may precede the development of intestinal ischemia 
and stress ulceration. As I reported in my prior U.S. Pat- 
ent No. 4,643,192, expressly incorporated herein by ref- 
erence, entitled "Hollow Viscus Tonometry" a fall in 
intramucosal pH also occurs within minutes of inducing 
intestinal ischemia in dogs. The fall in pH in intestinal 
mucosa, and hence the likelihood of ischemia or stress 
ulceration, can be reliably calculated from a p0O 2 {par- 
tial pressure of CO2), or other indicia of pH, in luminal 
fluid and the bicarbonate concentration in arterial blood. 
The method of calculating the pH in intestinal mucosal 
tissue, pursuant to principles of my priorpatent, has been 
validated by directed measurements under a variety of 
conditions simulating clinical problems. A correlation 
coefficient in the order of 0.92 to 0.95 has been obtained 
in each of 1 6 dogs. The validity of the procedure is inher- 
ently extensible to humans, and indeed may also be use- 
ful in assessing the vitality of other hollow organs and 
tissue. See R.G. Fiddian-Green et al. "Splanchnic 
Ischemia and Multiple Organ Failure". 

To measure the pC0 2 in the lumen of the gut it has 
heretofore been necessary to obtain and remove a sam- 
ple of fluid that has been in contact with the wall of the 
gut for a certain time period, usually at least half an hour. 
It has now been observed that it is somewhat difficult to 
manually aspirate the sampling fluid or medium from a 
tonometric catheter located in the gut or other internal 
focus with any consistency, ft is much easier to obtain 
such samples from the stomach, but samples obtained 
from the stomach frequently contain foreign materia! that 
can damage a gas analyzer. 

As taught in my prior patent the desired sample or 
samples can be obtained from tine gut using a catheter 
tube (called a tonometric catheter) having a walled sam- 
pling chamber on the tube with the sampling chamber 
being in sample-specific communication with the hollow 



interior of the tube. The wall of the sampling chamber 
comprises a material which is substantially impermeable 
to liquid yet is highly permeable to gas. One suitable 
materia! is polydi methyl si ioxane elastomer. 

5 In use the catheter is introduced into a patient to 
place the sampling chamber at a desired site within the 
gut. An aspirating liquid or medium is employed to fill the 
interior of the sampling chamber. The sampling chamber 
is left in place at the desired sampling site long enough 

10 to allow the gases present to diffuse through the wall of 
the sampling chamber into the aspirating liquid. The time 
should be long enough for the gases to equilibrate. The 
liquid impermeable nature of the sample chamber wall 
material prevents both the aspirating liquid from leaking 

is out of the chamber and also the intrusion of any liquids 
into the aspirating liquid. After the appropriate or desired 
amount of placement time has elapsed the aspirating liq- 
uid is aspirated along with the gases which have diffused 
into it. The sample thus obtained is analyzed for gas con- 

20 tent in particular for pC0 2 . in this way the pC0 2 within 
the lumen of the gut can be reliably measured with the - 
fluid being free from lumenal debris. 

In carrying out the diagnostic method taught in my 
prior patent the pC0 2 measurement is utilized in con- 

2s junction with a measurement of the bicarbonate ion con- 
centration (HCO3*) in an arterial blood sample of the 
patient for determining the pH of the tract wall. 

Depending upon the particular condition of a given 
patient, the catheter may be left in place and samples 

30 may be taken at periodic intervals so that pH values may 
be periodically calculated. The procedure has a high reli- 
ability in accurately determining the adequacy of organ 
tissue oxygenation, and diagnosing intestinal ischemia 
in its incipient stages. Such determination or detection 

35 can be useful in treating the patient so that the potentially 
devastating consequences resulting from less timely 
detection may often be avoided. 

While the sampling techniques taught in my prior 
patent have provided highly accurate and reliable results, 

40 it has now been observed that there are instances On the 
care of the critically ill in intensive care units, for example) 
in which remote sensing of the organ or organ-wall con- 
dition and automatic calculation of the organ or organ- 
wall pH would be advantageous and easier to effectuate. 

45 This method would thus partially or totally eliminate the 
need for the somewhat cumbersome aspiration of the 
sampling fluid or medium which fills the sampling cham- 
ber; it may also eliminate the need for the sampling 
chamber to be in sampling-medium communication with 

so any other part of the device. There is also a need to 
extend the benefits of tonometric sampling and sensing 
to other internal hollow viscous organs. To this end, there 
is a need for new and different tonometric devices spe- 
cifically adapted to allow my sensing and sampling tech- 

55 niques to be performed with ease in a clinical 
environment and in combination with other procedures. 

The importance and significance of determining the 
pH of the wall of a given hollow viscous organ has been 
recently dramatically magnified as a result of the recent 
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recognition that the pH of the wall of a given organ can 
be employed to accurately evaluate the vitality and/or 
stability of that organ as well as others; this is in contrast 
to merely determining whether such an organ is experi- 
encing an ischemic event. Further, certain organs can 
be selected for monitoring, either alone or in combina- 
tion, and evaluation of this organ or these organs can aid 
in predicting the overall condition of the patient, or the 
onset of a multitude of pathologies, including predicting 
or identifying such events as multiple organ failure. Such 
a methodology can be employed to greatly enhance and 
supplement the monitoring of the critically ill, for exam- 
pie. 

According to the present invention, a tonometric 
catheter apparatus for remotely determining a fluid or 
gas property indicative of the condition of a hollow inter- 
nal organ of a human or other mammal in vivo as defined 
by said fluid or gas property is provided, comprising: 

(a) an elongated tonometric catheter tube having a 
lumen extending longitudinally therethrough, said 
tube being composed of a first elastomeric material 
that is substantially impermeable to one or more flu- 
ids or gases of interest said fluids of interest includ- 
ing oxygen gases and carbon dioxide gases; 

(b) at least one walled sampling chamber on said 
catheter tube in fluid communication with the interior 
of said lumen, said walled sampling chamber being 
defined by a balloon member generally surrounding 
a portion of said tube and sealingly interconnected 
therewith, said balloon member being adapted to 
form an interior space between said balloon member 
and said catheter tube, the wall of said balloon mem- 
ber being composed of a second material that is 
freely and selectively permeable to said one or more 
fluids or gases of interest, said second material 
being substantially impermeable to other fluids or 
gases, with said tube extending to a position outside 
of the body of the human or other mammal, and with 
said lumen providing fluid communication between 
said sampling chamber and the outside of the body 
of the human or other mammal; 

(c) sensor means for sensing the level of at least one 
of said fluids or gases of interest present within said 
sampling chamber; 

characterised in that: said sensor means is disposed 
within said sampling chamber; said apparatus further 
comprises calibration means for introducing a calibration 
fluid into said sampling chamber through said lumen in 
order to calibrate or recalibrate said sensor means; and 
a portion of said balloon member is selectively posi- 
tioned substantially adjacent to a wall portion of the inter- 
nal organ in order to allow said one or more fluids or 
gases of interest from the tissue of the wall portion of the 
internal organ to permeate into said sampling chamber, 
the sensor means being adapted to sense the level of at 



least one of the fluids or gases of interest from the tissue 
of the wall portion of the internal organ, and the calibra- 
tion means being operable whilst said balloon member 
is substantially adjacent to the wall portion of the internal 
5 organ. 

The invention may comprise an apparatus for deter- 
mining the pH of a hollow internal organ of a human or 
other mammal, characterised in that: said tube is com- 
posed of a first elastomeric material that is substantially 

io impermeable to a fluid or gas indicative of pH; said wall 
of said balloon member is composed of a second mate- 
rial that is freely and selectively permeable to said fluid 
or gas indicative of pH; a non-temperature sensor is dis- 
posed on said tonometric catheter tube in communica- 

75 tion with said sampling chamber for introduction into said 
organ with said tonometric catheter, said sensor com- 
prising means responsive to a fluid or gas property indic- 
ative of pH and means for developing an electromagnetic 
signal indicative of said fluid or gas property; a means is 

20 provided responsive to said signal for generating a pH 
signal indicative of the pH of said organ; and said position 
of said balloon member substantially adjacent to said 
wall portion of said hollow internal organ is such to allow 
said fluid or gas indicative of pH from the tissue of the 

25 wall portion of the internal organ to permeate into said 
sampling chamber. 

The invention may comprise an apparatus for deter- 
mining the condition of a hollow internal organ of a 
human or other mammal as defined by the fluid pressure 

30 and the blood pH indicative of the condition of the hollow 
internal organ, characterised in that: said tube is com- 
posed of a first elastomeric material that is substantially 
impermeable to a fluid or gas indicative of the fluid pres- 
sure of the hollow internal organ; said wall of said balloon 

35 member is composed of a second material that is freely 
and selectively permeable to said fluid or gas indicative 
of the fluid pressure of the hotlow internal organ; a non- 
temperature sensor is disposed on said tonometric cath- 
eter tube in communication with said sampling chamber 

40 for developing a first electromagnetic signal indicative of 
said fluid pressure condition of said hollow internal 
organ; a means is provided for developing a second elec- 
tromagnetic signal indicative of said blood pH of said hol- 
low internal organ; a means is provided receptive of said 

45 first and second signals for generating a third signal 
indicative of the condition of said hollow internal organ; 
a means is provided responsive to said third signal and 
located outside said organ for reporting said condition of 
said hollow internal organ; and said position of said bal- 

50 loon member substantially adjacent to a wall portion of 
said hollow internal organ is such to allow said fluid or 
gas indicative of the fluid pressure from the tissue of the 
wall portion of the internal organ to permeate into said 
sampling chamber. 

55 In one embodiment, a chemically sensitive elec- 
tronic transducer (or plurality of transducers), such as a 
field effect transistor, is attached to a tonometric catheter 
for introduction into the organ along with the tonometric 
catheter. The first electronic sensor, preferably non-tem- 
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perature, generates and conveys an electromagnetic 
signal indicative of some desired aspect of organ condi- 
tion, e.g., indicative of the pCO^ pH and/or p0 2 level of 
the organ or organ-wall. For example, in one preferred 
embodiment, mean ambient pCO* pH and/or p0 2 of 
lumenal fluid or the like is measured or monitored via wire 
or other suitable electromagnetic energy conveying 
means to an electronic circuit which interprets the elec- 
tromagnetic signal and produces a report of the organ 
condition. The'electronic circuit may include an input for 
receiving a separately determined signal indicative of the 
blood pH of the patient Using this pCO* pH and/or p0 2 
measurement along with blood (preferably arterial) pH 
data, the electronic circuit determines the pH of the 
organ wall under test and thereby provides information 
for determining the organ's current condition or perhaps 
predicting the organ's future condition. The electronic cir- 
cuit may be suitably constructed from analog compo- 
nents, digital components or both. 

In another embodiment, a pH, pC0 2 or p0 2 sensitive 
colorimetric substance is injected into an area adjacent 
to the organ, e.g. , into the sampling chamber of the tono- 
metry catheter, and an optical sensor is employed to 
detect color change in order to determine the pH of the 
wall of that organ. The optical sensor can either be dis- 
posed in or on the tonometric catheter for introduction 
into the area adjacent the organ or it may be disposed 
outside the organ with fiber optic cable optically coupling 
the sensor to the tonometric catheter site at which the 
pH sensitive substance has been injected. 

In another form the invention may provide a variety 
of tonometric catheter devices for sensing and/or sam- 
pling a fluid or gas property (such as pH, pO* pC0 2 . and 
the like) which is indicative of the condition of an internal 
organ, in conjunction or combination with a walled cath- 
eter tube adapted for delivery or draining fluids, such as 
nasogastric tubes, urinary catheters, ureteric catheters, 
intestinal feeding tubes, wound or abdominal drains 
(suction or regular) and biliary tubes, catheters and 
stents, with or without remote sensing means for pH, 
pC0 2 and/or p0 2 . 

In still another form, the device may employ two sep- 
arate walled catheter tubes, one tonometric catheter 
tube for the measurement of a fluid or gas property, that 
is in communication with the sampling chamber; and a 
second walled catheter tube adapted for delivering or 
draining fluids. 

In yet another form, the device may employ a walled 
sampling chamber in communication with a sensing 
means, and a second walled catheter tube adapted for 
delivering or draining fluids. 

Optionally, when a non-temperature sensing-means 
is employed, a second sensing-means maybe employed 
as well. 

For a more complete understanding of the invention, 
its objects and advantages, reference may be had to the 
following specification and to the accompanying draw- 
ings. 



Brief Description of the Drawings 

Figure 1 is a plan view of a first embodiment of the 
tonometric catheter; 
5 Figure 2A is a partial cross-sectional view of the 
tonometric catheter illustrating a first means for 
attachment of an electronic field effect transistor 
sensor; 

Figure 2B is a partial cross-sectional view of the 
10 tonometric catheter illustrating a second means of 
attachment of the field effect transistor sensor; 
Figure 3 illustrates the method of use of the tono- 
metric catheter in measurement of the pH of the 
colon and also of the stomach, the specific embod- 
is iment illustrated for colonic measurement being that 
of Figure 5 and the specific tonometric catheter for 
gastric measurement being that of Figure 4; 
Figure 4 is another embodiment of the tonometric 
catheter with nasogastric tube; 
20 Figure 4A is a cross-sectional view of the tonometric 
catheter of Figure 4 taken substantially along the line 
4A-4A of Figure 4; 

Figure 4B is a cross-sectional view of the tonometric 
catheter of Figure 4 taken substantially along the line 
25 4B-4B of Figure 4; 

Figure 5 is yet another embodiment of the tonomet- 
ric catheter having multiple sensing/sampling por- 
tions; 

Figure 5A is a cross-sectional view of the tonometric 
30 catheter of Figure 5, taken substantially along the 
line 5A-5A of Figure 5; 

Figure 6 is a detailed view illustrating the tonometric 
catheter of Figure 4 in use within the stomach; 
Figure 7 is a detailed view illustrating the tonometric 

35 catheter of Figure 5 in use within the colon; 

Figure 8 is a similar view illustrating the tonometric 
catheter of Figure 1 in use within the colon; 
Figure 9 is an electrical schematic diagram illustrat- 
ing one embodiment of electronic circuit in accord- 

40 ance with the invention; 

Figure 10 is an electrical schematic diagram illus- 
trating another embodiment of the optical measure- 
ment of pH in accordance with the invention; 
Figure 1 1 is another embodiment of a tonometric 

45 catheter with a urinary catheter; 

Figure 11 A is a cross-sectional view of the tonomet- 
ric catheter/urinary catheter of Figure 1 1 , taken sub- 
stantially along the line 1 1 A-1 1 A of Figure 11. 

so Description of the Preferred Embodiments 

Figure 1 illustrates a first embodiment of tonometric 
catheter 20. The tonometric catheter comprises a length 
of suitable tubing 22, one end 32 of which is closed, and 
55 the opposite end of which has a connector such as a I u er- 
lock24. Luer-lock24 is adapted to receive a complemen- 
tary fitting 26, which in turn couples through a second 
length of tubing 28 to a three-way stopcock 30. Three- 
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way stopcock 30 may be used to selectively connect tub- 
ing 28 to various sources of irrigation or aspiration. 

Adjacent the closed end 32, tubing 22 is perforated 
as at 34. A balloon-like tonometric catheter membrane 
36 is fitted over the closed end so that the perforations s 
34 are enclosed, as illustrated. The tonometric catheter 
membrane 36 has an internal sleeve diameter at 38 
which forms a tight fit with tubing 22. The preferred form 
of tonometric catheter membrane is polydimethylsi- 
loxane elastomer. The membrane may be sealed to the io 
tubing 22 with appropriate adhesive so that the tonomet- 
ric catheter membrane is sealed in a closed relationship 
to the outer wall of tubing 22, thereby forming a sampling 
chamber 40 adjacent closed end 32. The tonometric 
catheter membrane has a certain elasticity to allow the 75 
membrane to expand when filled with an aspirating liquid 
in order to contact the wall of the organ under examina- 
tion, as will be explained below. 

The membrane 36 is preferably constructed such 
that at least a portion of it is selectively permeable to the 20 
gas or fluid property of interest In a preferred embodi- 
ment, it is selectively permeable to hydrogen, oxygen, or 
H*. so that pH, pC0 2 and/or p0 2 can be measured. It is 
also preferably impermeable to other materials that 
would interfere with the desired measurements, such as 25 
other gases, proteins, and the like. In a highly preferred 
embodiment, an ion-selective membrane is employed. 

Bonded to either the inner wall or the outer wall of 
tubing 22 are one or more sensors 42 for detecting a 
property indicative of pH and/or temperature. Two such 30 
sensors are illustrated in Figure 1 , bonded to the outside 
wall of tubing 22 with suitable adhesive. Figures 2A and 
2B illustrate two alternate means of sensor attachment, 
Figure 2A illustrating the sensor attached to the inner 
wall of tubing 22 and Figure 2B illustrating the sensor 35 
attached to the outer wall of tubing 22. 

In a preferred embodiment, at least a portion of the 
tubing, but not alt of it is made of a C0 2 impermeable 
material, such as polyester elastomers derived from the 
reaction of dimethytterephtalate 1 ,4-butanediol and a- 40 
hydro-Q-hydroxypoly (oxytetramethylene). In a highly 
preferred embodiment, this is a material such as Hytril, 
sold by DuPont. 

For purposes of sensing temperature, thermistor 
devices are presently preferred. For sensing properties 45 
indicative of pH chemically responsive field effect tran- 
sistors or "Chemfets" may be employed. In this regard, 
Chemfet sensors 44 have been illustrated in Figures 2A 
and 2B. Chemfet sensor 44 comprises a field effect sem- 
iconductor device 46, which is encapsulated in a solution so 
impervious material 48, such as a polymerized epoxy 
resin. The encapsulation material 48 in turn may be 
encapsulated in a housing 50 (Figure 2A). Semiconduc- 
tor device 46 is electrically coupled by bonding wires 52 
to a terminal 54. Suitable electrical conductors such as 55 
conductor 56 are attached to terminal 54 for electrically 
communicating between the Chemfet device 44 and the 
electronic circuitry described below in connection with 
Figure 9. Conductor 56 is preferably routed through tub- 



ing 22 and exits through a sealed aperture at or near the 
luer-lock end of tubing 22, as at 58. A more detailed 
description of a suitable electronic sensor may be found 
in US. Patent No. 4,020.830 to Johnson, entitled "Selec- 
tive Chemical Sensitive FET Transducers, * incorporated 
herein by reference. In order to allow a solution to contact 
the chemically sensitive surface of semiconductor device 
46, tubing 22 may be provided with an aperture 60 when 
implementing the embodiment of Figure 2 A. Such an 
aperture is not needed in the embodiment of Figure 2B, 
since the semiconductor device 46 is exposed to sam- 
pling chamber 40 by virtue of the external mounting con- 
figuration. 

The sampling chamber 40 can be filled with an aspi- 
ration or sampling medium that is used to absorb or oth- 
erwise provide a means for incorporating and delivering 
or measuring the the fluids or gases of interest. Such a 
medium is selected depending upon many factors, 
including the properties of the fluids or gases of interest, 
the type of sensor 42 employed, and the type of calibra- 
tion that is necessary. Such mediums include bicarbo- 
nate solutions and saline solution. It might be noted that 
gases often behave as fluids and are therefore frequently 
considered to be fluids. 

As noted above, when the sensor employed does 
not require frequent recalibration, the need for the sam- 
pling chamber 40 to be in communication with the prox- 
imate end of the tonometric catheter (that remains 
outside the patient) may be eliminated since no aspira- 
tion is needed. However, in many instances such com- 
munication may still be desirable as aspiration may be 
required to calibrate the sensor or sensors, to replace 
the aspirating or sampling medium with a fresh medium, 
and to incorporate the gas or gases of interest. 

Another embodiment of the tonometric catheter is 
illustrated in Figures 4, 4A and 4B. As illustrated, the 
tonometric catheter is appropriately configured to also 
serve as a nasogastric sump, either with or without gas- 
tric suction. With reference to Figure 4, the tonometric 
catheter 20a comprises a multipassage tubing 62 which 
defines three individual noncommunicating (between 
each other) passageways or lumens, an air lumen 64, an 
optional suction lumen 66 and a tonometric catheter 
lumen 68. A tonometric catheter membrane, similar to 
that previously described, is attached at an intermediate 
location on tubing 62, allowing a portion of the tubing to 
extend beyond the end of membrane 36 to define the 
nasogastric sump 70. Tubing 62 is provided with a plu- 
rality of perforations 72 which communicate between 
tonometric catheter lumen 68 and the sampling chamber 
40 defined by membrane 36. If desired, one or more sen- 
sors 42 can be included in accordance with the above 
teachings, in which case a suitable conductor 56 may be 
routed through tonometric catheter lumen 68 to exit at 
sealed aperture 58. 

The nasogastric sump portion 70 is suitably pro- 
vided with a plurality of openings 74 through which the 
stomach may be aspirated. 
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At the opposite end of tubing 62 the tubing splits to 
form three separate connections. Air lumen 64 commu- 
nicates with air lumen passageway 76, suction lumen 
connects with suction lumen passageway 78 and tono- 
metry catheter lumen 68 communicates with tonometric 
catheter lumen passageway 80. The tonometric catheter 
iumen passageway is f itted with three-way stopcock 30, 
similar in function and purpose to the three-way stopcock 
30 described in connection with Figure 1. If desired, a 
quick connect fitting 82 may be used to couple the suc- 
tion lumen passageway 78 with an aspiration source. As 
illustrated, the quick connect fitting preferably has angu- 
larly cut ends and a slightly enlarged midsection, making 
it easy to insert into the end of passageway 78 and also 
into the aspiration hose coupling (not shown). The 
enlarged midsection helps form a seal with the adjoining 
passageways. Preferably the quick connect fitting is fab- 
ricated of disposable plastic. 

Yet another embodiment of the tonometric catheter 
is illustrated in Figures 5 and 5A. This embodiment is a 
multiple tonometric catheter embodiment employing a 
tubing 84 having a plurality of passageways or lumen as 
shown in the cross-sectional view of Figure 5A. Specifi- 
cally, tubing 84 includes an air lumen 86a which commu- 
nicates with the endmost tonometric catheter 36a and 
three additional tonometric catheter lumens 86b, 86c 
and 86d, which communicate respectively with tonomet- 
ric catheters 36b, 36c and 36d. As with the other embod- 
iments, each tonometric catheter may be provided with 
one or more sensors such as sensors 42. A radiopaque 
tungsten plug 88 is positioned within each of the three 
tonometric catheter lumen 86b. 86c and 86d adjacent the 
distal end of each tonometric catheter, serving to block 
the remainder of the tonometric catheter lumen pas- 
sageway and thereby ensuring that fluid pressure intro- 
duced into each tonometric catheter lumen will cause the 
associated tonometric catheter to balloon outwardly as 
required during use. Similarly, a radiopaque tungsten rod 
90 is fitted as a plug in the end of air lumen 86a, serving 
to terminate the end of the air lumen passageway. Being 
radiopaque, the tungsten plugs and tungsten rod aid in 
properly positioning the tonometric catheters by being 
visible under fluoroscope or x-ray. In addition, if desired, 
tubing 84 can be provided with a radiopaque stripe along 
all or part of its length. 

At the proximal end of tubing 84 the lumen 86a-86d 
diverge to define four separate tubes 92a-92d. Each tube 
is fitted with a three-way stopcock similar to those 
described above. Each sampling connector may option- 
ally be coded numerically by color, etc. While four 
approximately equally spaced tonometric catheters have 
been illustrated in Figure 5, it will be understood that the 
invention can be modified to include a greater or fewer 
number of tonometric catheters at different spacing as 
required for a particular application. It will also be under- 
stood that some or all of the tonometric catheters can 
include one or more sensors coupled to conductors 56, 
each preferably routed through the corresponding lumen 
passageway. 



Referring now to Figure 9, a suitable electronic mon- 
itoring circuit will now be described, in Figure 9 CHEM- 
FET semiconductor device 46 has been shown 
schematically by the equivalent circuit model enclosed 

5 in dotted lines. The device 46 thus comprises drain elec- 
trode 150, source electrode 1 52 and reference electrode 
154. The chemically selective system, such as a mem- 
brane system is depicted diagrammatically at 156. The 
substrate is grounded as at 158. 

io Source electrode 154 is coupled to an input lead of 
operational amplifier 160 which includes feedback net- 
work diagrammatically depicted at 162. Operational 
amplifier 160 senses the drain source current flowing 
through device 46 and converts this signal into a voltage 

75 signal which is output on lead 1 64. The drain source cur- 
rent changes in accordance with changes in the chemi- 
cal system under test More specifically, as the pC0 2 
level changes in the fluid exposed to device 46, the drain 
source current changes accordingly. Hence the output 

20 voltage signal on lead 1 64 is likewise an indication of the 
pCO z level of the organ under test This voltage signal 
on lead 164 is coupled to an input of comparator 166 
which also receives a reference voltage V ref , which may 
be supplied using a voltage divider network (not shown) 

25 or which may alternatively be provided by a digitally con- 
trolled voltage source 1 68. The output of comparator 1 66 
is fed to reference electrode 154 to provide a stable ref- 
erence bias voltage. If a digitally controlled voltage 
source is used, this reference voltage can be adjusted 

30 and calibrated by a computer circuit yet to be discussed. 
The voltage signal on lead 164 is also fed to an analog 
to digital converter 170, which is in turn coupled to a 
microprocessor-based microcomputer 1 72. 

In order to automatically determine the pH of the wall 

35 of the hollow viscous organ under test, a separate gas 
analyzer sensor 174 is used to determine the bicarbo- 
nate concentration in the arterial blood of the patient. The 
output of sensor 174 is coupled through analog to digital 
convenor 176 to microcomputer 172. Microcomputer 

40 1 72 is preprogrammed to calculate the pH of the organ 
wall using the values provided by analog to digital con- 
verters 170 and 176. Conversion of pC0 2 measure- 
ments can be converted into pH measurements 
automatically by microcomputer 1 72 using various equa- 

45 tions and references well-known in the art 

Although many different types of output devices may 
be employed, strip chart recorder 1 78 and CRT monitor 
180 have been illustrated. Strip chart recorder 178 and 
monitor 180 are coupled as output devices to microcom- 

so puter 1 72. Strip chart recorder 1 78 offers the advantage 
of developing an easily readable, permanent record of 
the fluctuations in organ wall pH. Monitor 1 80 offers the 
advantage of providing digital readout of the pH value as 
well as displaying the upper and lower excursions of pH 

55 fluctuation. If desired, microcomputer 1 72 can be prepro- 
grammed using keyboard 182 to compare the instanta- 
neous pH value with doctor-selected upper and lower 
alarm limits. If the measured instantaneous pH fluctuates 
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outside those limits, microcomputer 1 72 can sound an 
alarm to alert hospital staff. 

While a single semiconductor device 46 has been 
illustrated in conjunction with the electronic circuit of Fig- 
ure 9, the circuit may be readily adapted for use with a s 
plurality of semiconductor devices in order to measure 
the pH at different locations substantially simultaneously. 
In such an embodiment, the data coming from each sen- 
sor can be fed to a separate I/O port of microcomputer 
1 72. In the alternative, a single I/O port can be used with to 
the individual input signals being time multiplexed. 

As an alternative to electronic pH sensors, the inven- 
tion may also be practiced using optical sensor technol- 
ogy. Referring to Figure 10, the presently preferred 
optical sensor embodiment uses a first fiber optic cable is 
94 which is optically coupled through a series of lenses 
96, selectable color filters 98 and heat absorber 100 to 
an illumination source 102, such as a 100 watt tungsten- 
halogen lamp. Fiber optic cable 94 is routed through the 
tonometric catheter lumen in a fashion similar to the con- 20 
ductor 56 of the above-described embodiments, with the 
end thereof protruding through the tubing and into the 
sampling chamber 40. A second ffoer optic cable 104 is 
routed parallel to the first fiber optic cable 94, with one 
end protruding through the tubing and held in place adja- 25 
cent the end of first cable 94 with a collar 1 06. Collar 1 06 
may be adhesively bonded to the outside wall of the tub- 
ing. The opposite end of second fiber optic cable 104 is 
positioned for optically coupling with a phototransistor 
108 which is electrically connected to an operational 30 
amplifier circuit 110. The operational amplifier circuit can 
be coupled to an analog to digital converter, such as AJD 
converter 170 of Figure 7. 

In use, fiber optic cable 94 illuminates a region within 
the sampling chamber 40 which is filled with a sampling 35 
fluid containing a colorimetric pH indicator. The illumina- 
tion from f foer optic cable 94 reflects from the molecules 
suspended in the pH indicator solution, with some of the 
reflected illumination passing back through second fiber 
optic cable 1 04 to the phototransistor. By selecting the 40 
appropriate filter 98, a monochromatic illumination or illu- 
mination of otherwise known spectral content is 
employed to illuminate the colorimetric pH indicator solu- 
tion. When the color of the filtered illumination matches 
that of the indicator, the illumination is absorbed and a 45 
low illumination signal is received at the phototransistor. 
When a pH change causes a color change in the indica- 
tor away from the color of the filtered illumination, more 
illumination is reflected back to the phototransistor, with 
an attendant increase in detected signal output. In this so 
fashion, the proper selection of indicator dye and illumi- 
nation filtration can be used to detect pH ranges. For a 
further description of fiber optic pH sensor technology, 
refer to G. G. Vurek "A Fiber Optic pC0 2 Sensor," Annals 
of Biomedical Engineering. Vol. 11, pp. 499-510, 1983, ss 
which is available from Pergamon Press, Ltd., and is 
expressly incorporated herein by reference. 

While the preferred embodiments have been dis- 
closed in connection with monitoring of the gastrointes- 



tinal tract and the urinary and ureteric tracts it will be 
appreciated that its principles are applicable to other hol- 
low internal organs to monitor pH and hence perfusion 
of those organs. Also while several presently preferred 
detailed constructions for tonometric catheters have 
been disclosed, it will be appreciated that other construc- 
tions may be developed which are equally suitable. The 
disclosed constructions are presently preferred for the 
reason that they are readily fabricated using existing 
available materials. Other embodiments may include 
other, but equivalent materials for the tonometric cathe- 
ter membrane and/or connective tubing. They may also 
differ in the specific fabrication details. As an example, 
the sampling chamber may be eccentric rather than sym- 
metric about the connective tubing. 

Another embodiment of the tonometric catheter is 
illustrated in Figures 1 1 and 1 1 A. As illustrated, the tono- 
metric catheter is appropriately configured to also serve 
as a urinary or ureteric catheter, either with or without 
suction, which optionally employs sensors. With refer- 
ence to Figures 1 1 and 1 1 A, the tonometric catheter 220 
comprises a muftipassage tubing 262 which defines 
three individual noncommunicating (between each 
other) passageways or lumens, an optional air or irriga- 
tion lumen 264, a drainage or suction lumen 266 and a 
tonometric catheter lumen 268. A tonometric catheter 
membrane, similar to that previously described, is 
attached at a distal location on tubing 262, allowing an 
intermediate portion of the tubing not extending beyond 
the end of membrane 236 to def ine the uretary or uretary 
catheter 270. Tubing 262 is provided with a plurality of 
perforations 272 which communicate between tonomet- 
ric catheter lumen 268 and the sampling chamber 240 
defined by membrane 236. If desired, one or more sen- 
sors 242 can be included in accordance with the above 
teachings, in which case a suitable conductor 256 may 
be routed through tonometric catheter lumen 268 to exit 
at sealed aperture 258. 

The urinary catheter or ureteric catheter portion 270 
is suitably provided with a plurality of openings 274 
through which the bladder or ureters may be aspirated 
or irrigated. 

. At the opposite end of tubing 262 the tubing splits to 
form three separate connections. Air or irrigation lumen 
264 optionally communicates with air lumen passage- 
way 276, urinary lumen connects with suction or drain- 
age lumen passageway 278 and tonometric catheter 
lumen 268 communicates with tonometric catheter 
lumen passageway 280. The tonometric catheter lumen 
passageway is fitted with three-way stopcock 230, simi- 
lar in function and purpose to the three-way stopcock 30 
described in connection with Figure 1 . If desired, a quick 
connect fitting 82 as seen in Figure 4 may be used to 
couple the suction urinary passageway 278 with an aspi- 
ration source. As illustrated, the quick connect fitting 
preferably has angularly cut ends and a slightly enlarged 
midsection, making it easy to insert into the end of pas- 
sageway 278 and also into the aspiration hose coupling 
(not shown). The enlarged midsection helps form a seal 
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with the adjoining passageways. Preferably the quick 
connect fitting is fabricated of disposable plastic. 

Yet another embodiment of the urinary cathe- 
ter/tonometric catheter combination illustrated in Figures 
1 1 and 1 1 A may employ a multiple tonometrrc catheter 5 
embodiment employing a tubing having a plurality of pas- 
sageways or lumen as shown in the cross-sectional view 
of Figure 5A. 

In another embodiment of the present invention, a 
tonometric catheter may be adopted to deliver a phar- 
maceutically-active agent either for systemic, local or 
topical activity, or a combination thereof. For example, 
an additional lumen may be added such as that and for 
irrigation or aspiration, to deliver the active. For example, 
the irrigation/aspiration lumen 264 shown in Figure 1 1 
and 11 A, may be used to deliver an active agent In 
another embodiment a portion of the device may be 
modified so as to provide sustained release of the active 
agent of interest 

Thus, for example, the problems of nosacomial 
infection associated with catheter insertion can be over- 
come by incorporating an antimicrobial into at least a por- 
tion of the polymeric material used to manufacture the 
tonometric catheter, or by coating at least a portion of 
the device with a sustained release composition, or by 25 
delivering the antimicrobial via the tonometric catheter. 
Such modifications are well known to those skilled in the 
art. See U.S. Patent No. 4,677,143, incorporated herein 
by reference. 

Classes of useful agents include antimicrobial 30 
agents, nonsteroidal anti-inflammatory agents, topical 
anesthetics, topical vasodiaiators, metabolic suppres- 
sants, and other agents that could be delivered for 
absorption at the sites of the tonometric catheter. 

Accordingly, whil e several preferred embodi merits of 3S 
the invention have been disclosed, it will be appreciated 
that principles of the invention, as set forth in the follow- 
ing claims, are applicable to other embodiments. 

Claims 40 

1. A tonometric catheter apparatus (20) for remotely 
determining a fluid or gas property indicative of the 
condition of a hollow interna) organ of a human or 
other mammal in vivo as defined by said fluid or gas 45 
property comprising: 

(a) an elongated tonometric catheter tube (22) 
having a lumen (68) extending longitudinally 
therethrough, said tube (22) being composed of so 
a first elastomeric material that is substantially 
impermeable to one or more fluids or gases of 
interest, said fluids of interest including oxygen 
gases and carbon dioxide gases; 

55 

(b) at least one walled sampling chamber (40) 
on said catheter tube (22) in fluid communica- 
tion with the interior of said lumen (68), said 
walled sampling chamber (40) being defined by 



(c) sensor means (42) for sensing the level of at 
least one of said fluids or gases of interest 
present within said sampling chamber (40); 

characterised in that: 

said sensor means (42) is disposed within 
said sampling chamber (40); 

said apparatus further comprises calibration 
means for introducing a calibration fluid into said 
sampling chamber through said lumen in order to 
calibrate or recalibrate said sensor means; and 

a portion of said balloon member may be 
selectively positioned substantially adjacent to a 
wall portion of the internal organ in order to allow 
said one or more fluids or gases of interest from the 
tissue of the wall portion of the internal organ to per- 
meate into said sampling chamber (40), the sensor 
means (42) being adapted to sense the level of at 
least one of the fluids or gases of interest from the 
tissue of the wall portion of the internal organ, and 
the calibration means being operable whilst said bal- 
loon member is substantially adjacent to the wall 
portion of the internal organ. 

2. An apparatus (20) according to claim 1 for determin- 
ing the pH of a hollow internal organ of a human or 
other mammal, characterised in that: 

said tube (22) is composed of a first elasto- 
meric material that is substantially impermeable to 
a fluid or gas indicative of pH; 

said wall (36) of said balloon member is com- 
posed of a second material that is freely and selec- 
tively permeable to said fluid or gas indicative of pH; 

a non-temperature sensor (42) is disposed 
on said tonometric catheter tube (22) in communi- 
cation with said sampling chamber (40) for introduc- 
tion into said organ with said tonometric catheter, 
said sensor (42) comprising means responsive to a 
fluid or gas property indicative of pH and means for 
developing an electromagnetic signal indicative of 
said fluid or gas property; 

a means is provided responsive to said signal 



a balloon member generally surrounding a por- 
tion of said tube (22) and sealingly intercon- 
nected therewith, said balloon member being 
adapted to form an interior space between said 
balloon member and said catheter tube (22), the 
wall (36) of said balloon member being com- 
posed of a second material that is freely and 
selectively permeable to said one or more fluids 
or gases of interest, said second material being 
10 substantially impermeable to other fluids or 

gases, with said tube (22) extending to a posi- 
tion outside of the body of the human or other 
mammal, and with said lumen (68) providing 
fluid communication between said sampling 
15 chamber and the outside of the body of the 

human or other mammal; 
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for generating a pH signal indicative of the pH of said 
organ; and 

said position of said balloon member sub- 
stantially adjacent to said wall portion of said hollow 
internal organ is such to allow said fluid or gas indie- 5 
ative of pH from the tissue of the wall portion of the 
internal organ to permeate into said sampling cham- 
ber (40). 

3. An apparatus (20) according to claim 1 for determin- 10 
ing the condition of a hollow internal organ of a 
human or other mammal as defined by the fluid pres- 
sure and the blood pH indicative of the condition of 
the hollow internal organ, characterised in that: 

said tube (22) is composed of a first elasto- is 
meric material that is substantially impermeable to 
a fluid or gas indicative of the fluid pressure of the 
hollow internal organ; 

said wall (36) of said balloon member is com- 
posed of a second material that is freely and selec- 20 
tiveiy permeable to said fluid or gas indicative of the 
fluid pressure of the hollow internal organ; 

a non-temperature sensor (42) is disposed 
on said tonometric catheter tube (22) in communi- 
cation with said sampling chamber (40) for develop- 25 
ing a first electromagnetic signal indicative of said 
fluid pressure condition of said hollow internal organ; 

a means (174) is provided for developing a 
second electromagnetic signal indicative of said 
blood pH of said hollow internal organ; 30 

a means ( 1 70, 1 76, 1 72) is provided receptive 
of said first and second signals for generating a third 
signal indicative of the condition of said hollow inter- 
nal organ; 

a means ( 1 78) is provided responsive to said 35 
third signal and located outside said organ for 
reporting said condition of said hollow internal 
organ; and 

said position of said balloon member sub- 
stantially adjacent to a wall portion of said hollow 40 
internal organ is such to allow said fluid or gas indic- 
ative of the fluid pressure from the tissue of the wall 
portion of the internal organ to permeate into said 
sampling chamber (40). 

AS 

4. An apparatus according to claim 1 or claim 2 or claim 
3, characterised in that it additionally comprises a 
temperature sensor in communication with said 
sampling chamber (40). 

so 

5. An apparatus according to claim 1 or claim 2 or claim 
3, characterised in that said sensor (42) comprises 
a chemically sensitive electronic transducer. 

6. An apparatus according to claim 1 or claim 2 or claim ss 
3, characterised in that said sensor (42) comprises 

a chemically sensitive field effect transistor trans- 
ducer. 



7. An apparatus according to claim 2, characterised in 
that said electromagnetic signal is ah electrical sig- 
nal conveyed by wire (56) to said means for gener- 
ating a pH signal. 

8. An apparatus according to claim 3, characterised in 
that said first electromagnetic signal is an electrical 
signal conveyed by wire (56) to said means (1 72) for 
generating said third signal. 

9. An apparatus according to claim 3, characterised in 
that said means (178) for reporting said condition 
includes analog circuit means for producing a report 
of said condition. 

10. An apparatus according to claim 3, characterised in 
that said means (178) for reporting said condition 
includes digital circuit means for producing a report 
of said condition. 

11. An apparatus according to claim 3, characterised in 
that said tonometric catheter (20) additionally com- 
prises a second electronic sensor for determining 
the temperature of the sampling area adjacent said 
first sensor. 

1 2. An apparatus according to claim 3, characterised in 
that the fluid or gas property of interest is pC0 2 . 

1 3. An apparatus according to claim 3, characterised in 
that the fluid or gas property of interest is pO* 

14. An apparatus according to any preceding claim 
characterised in that at least a portion of the tono- 
metric catheter (20) comprises a-hydro-Q-hydroxy- 
poly-(oxytetramethylene). 

Patentanspruche 

1. Eine tonometrische Kathetervorrichtung (20) zur 
Fernermittlung einer Eigenschaft eines Fluides oder 
Gases, wobei diese Eigenschaft fur den Zu stand 
eines innerlichen Hohlorgans in vivo eines Men- 
schen oder eines anderen Saugetieres kennzeich- 
nend ist, wie durch die genannte Eigenschaft des 
Ruids oder Gases def iniert aufweisend: 

(a) eine langgestreckte tonometrische Kath- 
eterlertung (22) mit einem Lumen (68), das sich 
in Langsrichtung durch sie hindurch erstreckt, 
wobei die Leitung (22) aus einem ersten elas- 
tomeren Material gebildet ist, das im wesentli- 
chen for ein oder mehrere Fluide Oder Gase von 
Interesse undurchlassig ist, und wobei die gen- 
annten Fluide von Interesse Sauerstoffgase 
und Kohlendioxidgase mit einschlieSen; 

(b) wenigstens eine durch eine Wand umge- 
bene Probenkammer (40) an der Katheterlei- 
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tung (22) in Ruidverbihdung mit dem Inneren 
des genannten Lumens (68), wobei die genan- 
nte, durch eine Wand umgebene Probenkam- 
mer (40) durch ein Ballonelement gebildet ist 
das im aligemeinen einen Bereich der genan- s 
nten Leitung (22) umgibt und mit dieser in abge- 
dichteter Weise verfounden ist wobei das 
genannte Ballonelement dazu befahigt ist 
einen inneren Raum zwischen dem Ballonele- 
ment und der Katheterlertung (22) zu bilden, 10 
wobei die Wand (36) des genannten Ballonele- 
ments aus einem zweiten Material gebildet ist 
das fur eine Oder mehrere Fluid e oder Gase von 
Interesse frei und selektiv durchiassig ist, wobei 
das genannte zweite Material im wesentlichen 75 
fur andere Fluide oder Gase undurchlassig ist 
wobei die genannte Leitung (22) sich bis zu 
einer Position auBerhalb des KOrpers des Men- 
schen oder des anderen Saugetieres erstreckt 
und wobei das genannte Lumen (68) eine Flu- 20 
idverbindung zwischen der genannten 
Probenkammer und der AuBenserte des 
Kdrpers des Menschen oder des anderen 
Saugetieres ergbt; 

25 

(c) eine Sensoreinrichtung (42) zum Abfuhlen 
des Spiegels wenigstens eines der innerhalb 
der Probenkammer (40) vorhandenen Fluide 
oder Gase von Interesse; 

30 

dadurch gekennzeichnet daB: 
die genannte Sensoreinrichtung (42) innerhalb der 
genannten Probenkammer (40) angeordnet ist; 
die genannte Vorrichtung ferner eine Kalibrierein- 
richtung zum Einleiten eines Kalibrierfluids in die 35 
genannte Probentemmer durch das genannte 
Lumen aufweist urn die genannte Sensoreinrich- 
tung zu kalibrieren oder nachzukalibrieren; und 
ein Bereich des genannten Ballonelements selektiv 
im wesentlichen benachbart zu einem Wandbereich 40 
des innerlichen Organs position! ert werden kann, 
urn es einem oder mehreren Fiuiden oder Gasen 
von Interesse zu erlauben, von dem Gewebe des 
Wandbereichs des innerlichen Organs in die genan- 
nte Probenkammer (40) einzudringen, wobei die 45 
Sensoreinrichtung (42) dazu befahigt ist, den 
Spiegel von wenigstens einem der Fluide oder Gase 
von Interesse von dem Gewebe des Wandbereiches 
des innerlichen Organes abzufOhlen, und wobei die 
Kaiibriereinrichtung betriebsfahig ist wahrend das so 
genannte Ballonelement im wesentlichen dem 
Wandbereich des innerlichen Organs benachbart 
ist. 

Eine Vorrichtung (20) gemaB Anspruch 1 zum Bes- 55 
timmen des pH eines innerlichen Hohlorgans eines 
Menschen oder eines anderen Saugetieres, 
dadurch gekennzeichnet, daB: 
die genannte Leitung (22) aus einem ersten elas- 



tomeren Material gebildet ist, das fur ein fur den pH 
kennzeichnendes Fluid oder Gas im wesentlichen 
undurchlassig ist; 

die genannte Wand (36) des genannten Ballonele- 
ments aus einem zweiten Material besteht das fur 
das fur den pH kennzeichnende Fluid oder Gas frei 
und selektiv durchiassig ist; 
ein Nicrrttemperatur-Sensor (42) an der tonome- 
trischen Katheterlertung (22) in Verbindung mit der 
Probenkammer zum EinfOhren in das Organ mit 
dem tonometrischen Katheter angeordnet ist, wobei 
der Sensor (42) aufweist: Mittel, die auf eine Eigen- 
schaft eines Fluides oder Gases ansprechen, wobei 
diese Eigenschaft fur den pH kennzeichnend ist 
sowie Mittel zum Erzeugen eines elektromag- 
netischen Signals, das fur die Eigenschaft des gen- 
annten Fluids oder Gases kennzeichnend ist; 
eine Einrichtung vorgesehen ist, die auf das Signal 
anspricht urn ein pH-Signai zu erzeugen, das fur 
den pH des genannten Organs kennzeichnend ist; 
und 

die Position des Ballonelements, das im wesentli- 
chen dem Wandbereich des innerlichen Hohlor- 
ganes benachbart ist, derart ist, daB es dem fur den 
pH kennzeichnenden Fluid oder Gas ermdglicht 
wird, von dem Gewebe des Wandbereiches des 
innerlichen Organs in die Probenkammer (40) zu 
dringen. 

3. Eine Vorrichtung (20) gemaB Anspruch 1 , zum Bes- 
timmen des Zustandes eines innerlichen Hohlor- 
ganes eines Menschen oder eines anderen 
Saugetieres, wobei dieser Zustand durch den Fluid- 
druck und den Blut-pH-Wert def iniert ist, die fOr den 
Zustand des innerlichen Hohlorgans kennzeich- 
nend sind, 

dadurch gekennzeichnet, daB: 
die Leitung (22) aus einem ersten elastomeren 
Material gebildet ist, das fur ein fur den Fluiddruck 
des innerlichen Hohlorgans kennzeichnendes Fluid 
oder Gas im wesentlichen undurchlassig ist; 
die Wand (36) des Ballon el ementes aus einem 
zweiten Material gebildet ist, das fOr das fur den 
Fluid-Druck des innerlichen Hohlorganes ken- 
nzeichnende Fluid oder Gas frei und selektiv durch- 
iassig ist; 

ein Nichttemperatur-Sensor (42) an der tonome- 
trischen Katheterleitung (22) in Verbindung mit der 
Probenkammer (40) zum Erzeugen eines ersten 
elektromagnetischen Signals angeordnet ist, das f Or 
den Fluiddruck-Zustand des innerlichen Hohlorgans 
kennzeichnend ist; 

eine Einrichtung (174) vorgesehen ist urn ein 
zweites elektromagnetisches Signal zu erzeugen, 
das fOr den Blut-pH-Wert des innerlichen Hohlor- 
gans kennzeichnend ist; 

eine Einrichtung (170, 176, 172) vorgesehen ist, 
welche fur das erste Signal und das zweite Signal 
aufnahmefahig ist, urn ein drrttes Signal zu erzeu- 
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gen, das fur den Zustand des innerlichen Hohlor- 
gans kennzeichnend ist; 

eine Einrichtung (178) vorgesehen ist, die auf das 
drrtte Signal anspricht und auBerhalb des Organs 
zum Melden des Zustandes des innerlichen Hohlo- 
rgans angeordnet ist; und 
die Position des Balionelementes, das im weserrtli- 
chen einem Wandbereich des innerlichen Hohlor- 
gans benachbart ist, derart ist, daS es dein fur den 
Fluid-Druck kennzeichnenden Fluid Oder Gas 
ermoglicht wird, von dem Gewebe des Wandbere- 
iches des innerlichen Organs in die Probenkammer 
(40) zu dringen. 

4. Eine Vorrichtung gemaB Anspruch 1 Oder Anspruch 
2 und Anspruch 3, 

dadurch gekennzeichnet, 

daB sie zusatzlich einen Temperatursensor in 

Verbindung mil der Probenkammer (40) aufweist. 

5. Eine vbrrichtung gemaB Anspruch 1 oder Anspruch 
2 oder Anspruch 3, 

dadurch gekennzeichnet, 

daB der Sensor (42) einen chemisch empf indlichen 

elektronischen MeBwandler aufweist. 

6. Eine vbrrichtung gemaB Anspruch 1 oder Anspruch 
2 oder Anspruch 3, 

dadurch gekennzeichnet 

daB der Sensor (42) einen chemisch empf indlichen 

MeBwandler mit Feldeffekttransistor aufweist. 

7. Eine vbrrichtung gemaB Anspruch 2, 
dadurch gekennzeichnet, 

daB das eiektromagnetische Signal ein elektrisches 
Signal ist. das durch Draht (56) zu der Einrichtung 
zum Erzeugen eines pH-Signales geleitet wird. 

8. Eine vbrrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, 

daB das erste eiektromagnetische Signal ein elek- 
trisches Signal ist, das durch Draht (56) zu der Ein- 
richtung (1 72) zum Erzeugen des dritten Signales 
geleitet wird. 

9. Eine vbrrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, 

daB die Einrichtung (178) zum Melden des 
Zustandes eine Analogschaltung zum Erzeugen 
einer Meldung Qber den Zustand aufweist. 

10. Eine Vorrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, 

daB die Einrichtung (178) zum Melden des 
Zustandes eine Digital schaltung zum Erzeugen 
einer Meldung Qber den Zustand aufweist. 

11. Eine Vorrichtung gemaB Anspruch 3 
dadurch gekennzeichnet, 



daB der tonometrische Katheter (20) zusatzlich 
einen zweiten elektronischen Sensor zum Erm'rttein 
der Temperatur des Probenbereiches in Nach- 
barschaft zu dem ersten Sensor aufweist. 

5 

12. Eine Vorrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, 

daB die Fluid- oder Gas-Eigenschaft von Inter esse 
pC0 2 ist. 

10 

13. Eine Vorrichtung gemaB Anspruch 3, 
dadurch gekennzeichnet, 

daB die Fluid- oder Gas-Eigenschaft von Inter esse 
p0 2 ist 

15 

14. Eine Vorrichtung gemaB einem der vorhergehenden 
Anspruche, 

dadurch gekennzeichnet 

daB zumindest ein Bereich des tonometrischen 
20 Katheters (20) a-hydro-Q-hydroxypoly-(axytetrame- 
thylen) aufweist. 

Revendications 

25 1. Appareil catheter tonometrique (20) pour deter- 
miner a distance in vivo une propriete d'un fluide ou 
d'un gaz indicative de la condition d'un organe 
interne creux d'une personne humaine ou d'un autre 
mammifere, telle que definie par ladite propriete du 

30 fluide ou du gaz, comprenant : 

(a) un tube catheter tonometrique allonge (22) 
ayarrt un passage (68) s'etendant longitudinal a 
travers lui, ledrt tube (22) etant en un premier 

35 materiau elastomere pratiquement imperm6a- 

ble a un ou plusieurs fluides ou gaz interes- 
sants, ces fluides interessants comprenant 
I'oxygene gazeux et le dioxyde de carbone 
gazeux; 

40 

(b) au moins une chambre d'echantillonnage 
close (40) sur ledrt tube catheter (22) en com- 
munication fluide avec I'interieur dudit passage 
(68), ladite chambre d'echantillonnage close 

45 (40) etant definie par un element de ballon 

entourant generalement une portion dudit tube 
(22) et fixee de facon etanche sur lui, ledrt ele- 
ment de ballon etant adapte pour former un 
espace interieur entre ledrt element de ballon et 

so ledit tube catheter (22), la paroi (36) dudit ele- 

ment de ballon etant en un deuxieme materiau 
qui est librement et selectivement permeable a 
ce(s) f iuide(s) ou gaz inter essarrt(s), ledit deux- 
ieme materiau etant pratiquement impermeable 

55 a d'autres fluides ou gaz, ledit tube (22) s'etend- 

ant jusqu'a une position a I'exterieur du corps 
de la personne humaine ou d'un autre mam- 
mifere, et ledit passage (68) procurant une com- 
munication fluide entre ladite chambre 
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d'echantilionnage et I'exterieur du corps de la 
personne humaine ou de I'autre mammif ere; 

(c) des moyerts de capteur (42) pour detecter le 
niveau d'au moins Tun desdits fluides ou gaz s 
interessants presents a llnterieur de ladrte 
chambre d'echantilionnage (40); 

caracterise en ce que : 

lesdits moyens de capteur (42) sort disposes a 10 
Pinterieur de ladrte chambre d'echantilionnage (40); 
ledit appareil comprend en outre des moyens d'etal- 
onnage pour introduire un fiuide d'etalonnage dans 
ladrte chambre d'echantilionnage a travers ledit pas- 
sage af in d'6talonner ou de r6§talonner lesdits moy- is 
ens de capteur; et 

une portion dudit element de ballon peut etre selec- 
tivement posttionnee pratiquement adjacente a une 
portion de paroi de I'organe interne af in de permettre 
a ce(s) fluide(s) ou gaz interessant(s) en prove- 20 
nance du tissu de la portion de paroi de I'organe 
interne de passer dans ladite chambre d'echantili- 
onnage (40), les moyens de capteur (42) etant adap- 
tes pour detecter le niveau d'au moins I'un des 
fluides ou gaz interessants en provenance du tissu zs 
de la portion de paroi de I'organe interne, et les moy- 
ens d'etalonnage pouvant etre mis en oeuvre pen- 
dant que ledit element de ballon est pratiquement 
adjacent a la portion de paroi de I'organe interne. 

30 

2. Appareil (20) selon la revendication 1, pour deter- 
miner le pH d'un organe interne creux d'une per- 
sonne humaine ou d'un autre mammifere, 
caracterise en ce que : 

ledit tube (22) est un premier materiau elastomere 35 
pratiquement impermeable a un fiuide ou un gaz 
indicatif de pH; 

ladite paroi (36) dudit element de ballon est en un 
deuxieme materiau qui est librement et selective- 
ment permeable audit fiuide ou gaz indicatif de pH; 40 
un capteur non sensible a la temperature (42) est 
dispose sur ledit tube catheter tonometrique (22) en 
communication avec ladite chambre d'echantilion- 
nage (40) pour introduction dans ledit organe avec 
ledit catheter tonometrique, ledit capteur (42) com- 45 
prenant des moyens sensibles a une propriete d'un 
fiuide ou d'un gaz indicative de pH et des moyens 
pour developper un signal electromagnetique indi- 
catif de ladite propriete du fiuide ou du gaz; 
il est prevu un moyen sensible audit signal pour pro- so 
duire un signal de pH indicatif du pH dudit organe; et 
ladite position dudit element de ballon pratiquement 
adjacente a ladite portion de paroi dudit organe 
interne est telle qu'elle permet audit fiuide ou gaz 
indicatif de pH en provenance du tissu de la portion ss 
de paroi de I'organe interne de passer dans ladite 
chambre d'echantilionnage (40). 



3. Appareil (20) selon la revendication 1 pour deter- 
miner la condition d'un organe interne creux d'une 
personne humaine ou d'un autre mammifere telle 
que def inie par la pression de fiuide et le pH du sang 
indicatifs de la condition de I'organe interne creux, 
caracterise en ce que : 

ledit tube (22) est en un premier materiau elas- 
tomere pratiquement impermeable a un fiuide ou 
gaz indicatif de la pression de fiuide de I'organe 
interne creux; 

ladite paroi (36) dudit element de ballon est en un 
deuxieme materiau qui est librement et selective- 
merit permeable audit fiuide ou gaz indicatif de la 
pression de fiuide de I'organe interne creux; 
un capteur non sensible a la temperature (42) est 
dispose sur ledit tube catheter tonom6trique (22) en 
communication avec ladite chambre d'echantilion- 
nage (40) pour developper un premier signal elec- 
tromagnetique indicatif de ladite condition de 
pression de fiuide dudit organe interne creux; 
il est prevu un moyen (174) pour developper un 
deuxieme signal electromagnetique indicatif dudit 
pH du sang dudit organe interne creux; 
il est prevu un moyen (170, 176, 172) pour recevoir 
lesdits premier et deuxieme signaux pour produire 
un troisieme signal indicatif de la condition dudit 
organe interne creux; 

il est prevu un moyen (1 78) sensible audit troisieme 
signal et dispose a I'exterieur dudit organe pour rap- 
porter ladite condition dudit organe interne creux; et 
ladite position dudit element de ballon pratiquement 
adjacente a une portion de paroi dudit organe 
interne creux est telle qu'elle permet audit fiuide ou 
gaz indicatif de la pression de fiuide en provenance 
du tissu de la portion de paroi de I'organe interne de 
passer dans ladite chambre d'echantilionnage (40). 

4. Appareil selon la revendication 1 ou la revendication 
2 ou la revendication 3, caracterise en ce qu'il com- 
prend en outre un capteur de temperature en com- 
munication avec ladite chambre d'echantilionnage 
(40). 

5. Appareil selon la revendication 1 ou la revendication 
2 ou la revendication 3, caracterise en ce que ledit 
capteur (42) comprend un transducteur electronique 
chimiquement sensible. 

6. Appareil selon la revendication 1 ou la revendication 
2 ou la revendication 3, caracterise en ce que ledit 
capteur (42) comprend un transducteur a transistor 
a effet de champ chimiquement sensible. 

7. Appareil selon la revendication 2, caracterise en ce 
que ledit signal electromagnetique est un signal 
eiectrique transports par un fil metaliique (56) aux- 
dits moyens de production d'un signal de pH. 
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8. Appareil selon la revindication 3, caracterise en ce 
que ledit premier signal electromagnetique est un 
signal electrique transports par un f il metallique (56) 
auxdits moyens (172) de production dudit troisieme 
signal. 5 

9. Appareil selon la revendication 3, caracterise en ce 
que lesdits moyens (178) pour rapporter ladite con- 
dition comprennent un circuit analogique pour pro- 
duire un compte rendu de ladite condition. 10 

10. Appareil selon la revendication 3, caracterise en ce 
que lesdits moyens (178) pour rapporter ladite con- 
dition comportent un circuit numerique pour pro- 
duire un compte rendu de ladite condition. is 

11. Appareil selon la revendication 3, caracterise en ce 
que ledit catheter tonometrique (20) comprend en 
outre un deuxieme capteur electronique pour deter- 
miner la temperature de la zone d'echantillonnage 20 
adjacente audit premier capteur. 

12. Appareil selon la revendication 3, caracterise en ce 
que la propriete du f luide ou du gaz interessante est 
pC0 2 . 25 

13. Appareil selon la revendication 3. caracterise en ce 
que la propriete du f luide ou du gaz interessante est 
pO z . 

3D 

14. Appareil selon Pune des revendications 
precedentes, caracterise en ce qu'au moins une 
portion du catheter tonometrique (20) comprend a- 
hydro-Q-hydroxypoly-(oxytetramethylene). 

35 
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